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Abstract

A 65 m diameter full-steerable radio telescope TMRT with
the frequency coverage from 1.25 to 50.0 GHz is newly
built at Shanghai. To satisfy the demands of the pulsar
and spectral line observations, a Digital Backend System
(DIBAS) was built for this telescope. The DIBAS can sup-
port both the pulsar search and online folding pulsar obser-
vation. Either the coherent or incoherent dedispersion pul-
sar observation mode can be chosen according to demand
of observers. The testing pulsar observation results showed
that the pulsar observation system works well. A series of
pulsar projects (such as pulsar timing, hunting, VLBI, etc)
are carried out with the TMRT. Some important findings are
expectable in the future.

1 Introduction

The pulsar is one kind of fast rotating, highly magnetized
neutron star which produces lighthouse-like beams of ra-
dio emission from its magnetic poles. Its radiation can on-
ly be observed when the emission beam is pointing to the
Earth. Normally, the pulsar radiation is very weak. Statis-
tic on the 1728 pulsars in the catalogue with flux density
measured at 1.4 GHz indicates that the median value is on-
ly 0.42 mJy with a range between 0.01 and 1100 mJy [8]
1. Very high sensitivity observing systems are needed to
detect such weak signals.

When a pulsar is observed over a finite radio band width,
the disperse effect caused by electrons in the interstellar
medium should be considered carefully, as this effect will
smear the pulse profile and bring down the signal to noise
ratio of observation. Two kinds of techniques which are
called incoherent dedispersion and coherent dedispersion
are usually used to eliminate the dispersion effect. In the
incoherent dedispersion method the smearing is reduced
by splitting the incoming frequency band into a number of
smaller independent channels, and add together after ap-
plying appropriate time delay to each channel. The dis-
persion effects in each channel can not be eliminated in
this method. Coherent dedispersion is a powerful tech-
nique which completely eliminates the effects of disper-
sive smearing on pulsar profiles. Coherent dedispersion re-
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moves the dispersion effects in voltage domain, typically
via Fourier transform-multiply by inverse dispersion filter-
inverse transform. Compared with the incoherent disper-
sion method, this method is computationally more inten-
sive.

In the following part of this paper, we will present the infor-
mation about the pulsar observation system constructed at
the new-built Shanghai Tian Ma Radio Telescope (TMRT)
and some pulsar observation project together with related
results.

2 The pulsar observation system

2.1 The receivers of TMRT

The TMRT is a newly built 65 m diameter fully-steerable
radio telescope located in the western suburbs of Shanghai,
China. This telescope is designed to cover the frequency
ranging from 1.25 to 50.0 GHz using 7 sets of cryogenical-
ly cooled receivers. The construction of TMRT was divided
into two stages. The first stage of construction was finished
with the equipment of four low frequency receivers in De-
cember 2013. The second stage was finished at the end of
2016. The highest working frequency of the TMRT was
upgraded to 50 GHz. And the active surface control, which
was used to compensate for gravity deformation of the main
reflector during tracking, also started to work at the second
stage. Taking the power law spectra of pulsar radiation in-
to consideration, we will pay more attention on the detail
parameters of four low frequency receivers usually used in
pulsar observations, and a comparison of the capability with
other large fully-steerable telescopes. We calculate the sys-
tem equivalent flux density SEFD = 2kBTsys/Ae which is a
parameter taking the system temperature Tsys and the effec-
tive aperture Ae into consideration. The SEFD and frequen-
cy range Freq-R of these antennas are presented in table 1.
From this table, it can be seen that the TMRT has compar-
ative sensitivity as the other large telescopes in the world.
Especially at C band, the TMRT has its advantages because
of its wide band width and low system temperature.

2.2 The backend systems of TMRT

A Digital Backend System (DIBAS) was built for the TM-
RT to satisfy pulsar and spectral line observation demand-



GBT (100 m)[4] Effelsberg (100 m) [5] Parkes (64 m)[6] Lovell (76 m)[5] TMRT (65 m)

L
Freq−R (GHz) 1.15-1.73 1.27-1.45, 1.59-1.73 1.2-1.8 1.25-1.50, 1.55-1.73 1.25-1.75

SEFD (Jy) 10 20,19 31 36,65 39

S
Freq−R (GHz) 1.73-2.6 2.20-2.30 2.2-2.5 – 2.2-2.4

SEFD (Jy) 12 300 25 – 46

C
Freq−R (GHz) 3.95-5.85 5.75-6.75 4.5-5.1 6.0-7.0 4.0-8.0

SEFD (Jy) 10 25 61 80 30

X
Freq−R (GHz) 8.00-10.1 7.9-9.0 8.1-8.7 – 8.2-9.0

SEFD (Jy) 15 18 170 – 48

Table 1. The parameters of low frequency receivers of the TMRT and other fully-steerable large telescopes

Figure 1. The block diagram of the DIBAS

s. The DIBAS is based on a Field Programmable Gate
Array (FPGA) frontend and a heterogeneous computing
backend comprised of Graphical Processing Units (GPUs)
and x86-64 CPUs [2]. To save the developing time, the
DIBAS is built by importing pulsar observation mode in-
to the design of Versatile GBT Astronomical Spectrome-
ter (VEGAS) which is developed with the Collaboration
for Astronomy Signal Processing and Electronics Research
(CASPER) technology [1, 10]. For the pulsar observation
modes, DIBAS can provide much the same capabilities as
Green Bank Ultimate Pulsar Processing Instrument (GUP-
PI) [11]. The block diagram of DIBAS is shown in Fig 1.

At present, our DIBAS system consists of three pairs of
analog to digital converters and three pieces of correspond-
ing Roach-II electronic boards which can work separately.
Both pulsar searching mode and on-line folding mode are
supported by the DIBAS. Either the coherent or the incoher-

ent dedispersion observation mode can be chosen according
to demand of observers. In the coherent dedispersion obser-
vation mode, GPUs on the 8 High Performance Computers
(HPCs) are used to satisfy the intensive computation de-
mand. The total observation bandwidth is divided into 8
sub-band. The data from each sub-band will be transferred
onto the corresponding HPC with the 10 GbE connection.
Each HPC does the assigned coherent dedispersion calcu-
lation on the data from the related sub-band. For the inco-
herent dedispersion observation mode, the maximum input
bandwidth of each digitizer channel is up to 2 GHz. Since
three pairs of digitizer (one digitizer for each polarization)
are currently available, a maximum bandwidth of 6 GHz
can be supported. For the coherent dedispersion observa-
tion mode, the maximum bandwidth is 1 GHz which is lim-
ited by the computing power of the current HPCs.

For the online folding pulsar observation mode, the DIBAS
will record the full Stokes-parameters. Either the ful-
l Stokes-parameters or the total power (I-only) parameters
can be recorded in the pulsar search observation mode ac-
cording to the demand of observers. The final pulsar ob-
servation data is written out in 8-bit PSRFITS format [3]2.
In order to satisfy the high data recording rate demand, the
Lustre file system with the size of 80 T is adopted to do
the online observation data recording. This file system can
make sure the possibility of recording pulsar searching ob-
servation data with time resolution as high as 40.96 µs.

3 The pulsar observation projects and some
results

Extensive testing observations have been made on the pul-
sar observation system of the TMRT. It is indicated that the
TMRT pulsar observation system works very well. The
observation results on the PSR B1937+12 obtained with
the coherent dedispersion and incoherent dedispersion on-
line folding observation mode are shown in Fig 2. P-
SR B1937+21 is a millisecond pulsar with the rotation peri-
od of 1.56 ms. The dispersion measure and the flux density
at 1.4 GHz is 71.0237 cm−3pc and 13.2 mJy respectively
[9]. The observation was carried out at the wavelength of
21 cm (L-band). The total bandwidth is divided into 1024
channels in both observations. These two observations were

2See also http://www.atnf.csiro.au/research/pulsar/index.html?n=Main.Psrfits
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Figure 2. Integrated profiles of PSR B1937+21 with coher-
ent and incoherent dedispersion online folding observation
mode

also carried with the same observation length (10 min). The
coherent and incoherent observation results are normalized
and plotted in red and blue solid line with 1024 bins re-
spectively. By comparison, a much narrower profile with
fine structure is obtained with coherent dedispersion obser-
vation mode, as this mode can eliminate dispersion effects
completely.

According to our TMRT pulsar system parameters and test
results, we are making some practical pulsar observation
projects. A list of these pulsar projects will be presented in
the following part.

• Long term pulsar timing: We are monitoring the tim-
ing properties of about 100 pulsars. These pulsars are
chosen carefully from the pulsar catalogue database.
Each of them has special timing properties. Ten of
these pulsars are millisecond pulsars. Some of pulsars
show glitch phenomena. Some of them are located in
special place such as around the Galactic center. The
C-band is the first choice of the observing frequency
on these pulsars. If the pulsar is too weak to detect
at C-band, we will move to L-band. We make sure at
least one round of timing observation on each pulsar
in our sample per month.

• Multi-frequency observation and radiation mechanis-
m: We are taking advantage of our wide frequency
coverage receivers to measure the multi-frequency in-
tegrated profile, flux density and polarization proper-
ties of tens of pulsars to study their radiation mecha-
nism. Taking a small research subject that we have just
finished now, we obtained the profiles and flux densi-
ty of 11 pulsars with the TMRT for the first time at
8.6 GHz. The radiation location and particle energy of
PSR B1133+16 were confined in accordance with the

multi-frequency radio profiles obtained with the TM-
RT and other telescopes [7].

• Single pulse properties of pulsars: We are studying
the single pulse properties of tens of pulsars. These
pulsars show different properties, such as nulling,
subpulse drifting, giant pulse, etc. By the single
pulse analysis on the magnetar PSR J1745-2900 in the
Galactic center, we characterize its bright pulsar bursts
which are different from the giant pulse [12].

• High frequency pulsar hunting: As we have no multi-
beam receiver which is suitable for pulsar hunting, we
choose some special areas to do pulsar search, such as
Galactic center, unassociated γ-ray point sources and
globular clusters. Our pulsar hunting will be carried
out at C- or X-band. Though the pulsar shows the pow-
er law spectra property, high frequency pulsar hunting
also has some advantages, such as more transparent
to the thick plasma around the Galactic center, lower
galactic noise background, weaker dispersion, smaller
scattering and less scintillation.

• Pulsar observation with VLBI: Pulsar astrometry with
VLBI can measure the model independent distance
and proper motion parameters of the pulsar, which
are important for studies of the pulsar evolution, in-
terstellar medium, etc. For pulsars located at high
declination (DEC>45 deg), the resolution in right as-
cension (RA) will be affected because of the limited
length of projected baseline along East-West direction
of the Very Long Baseline Array (VLBA). The par-
ticipation of TMRT will be able to lengthen the base-
line twice times in East-West direction and improve
the UV-coverage of observation of source very much
(see Fig 3). We are carrying out pathfinder obser-
vations on 2 high declination pulsars in cooperation
with the National Radio Astronomy Observatory (N-
RAO), Cornell University and Swinburne University.
The Chinese Data Acquisition System (CDAS) and the
Mark 5B are used to do the data sampling and record-
ing at the TMRT station. We chose the 2 Gbps ob-
servation mode at L-band. This is the highest data
recording rate of the VLBA and TMRT. It is indicated
by the preliminary data analysis that we have detected
these two pulsars successfully. In the following, we
are planning to propose further joint observations of
more pulsars.

In conclusion, high sensitivity and stable pulsar observa-
tion system has be built up at the TMRT. The pulsar will be
one of important scientific research targets of the TMRT.
Some tentative pulsar observations with the TMRT have
been done. And good observation results have been ob-
tained. The TMRT is carrying out a series of pulsar obser-
vation project. Some important findings can be expected in
the following pulsar studies with the TMRT.



Figure 3. The UV-coverage of pulsar observation with the
TMRT and VLBA
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